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(54) Vibrator 

(57) A vibrator (10) includes a vibrating member 
(12), and piezoelectric devices (24a, 24b, 24c. &4d) 
formed on both surfaces theraot Supporting portions 
(14) are termed at one end of the vibrating member (12) 
with connecting portions (16) provided therebetween. A 
weight (20) is mounted to the other end ol the vibrating 
member (12) with other connecting portions (22) pro- 
vided therebetween. The supporting portions (14) are 



fixed to a holding member (32) having a concave por- 
tion. The hardness of the holding member (32) is set 
tower than the hardness of the vibrating member (12). 
As the material for the holding member (32X H is prefer^ 
able to use a vforation-absorbing material tor efficiently 
absorbing vtorations leaking from the vibrating member 

(12). 
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Description 

BACKGROUND OF THE INVENTION 
1. Field cf the Invention 



The present Invention relates to vforators, and in 
particular to vibrators used as acceleration sensors and 
£0 tain for measuring acceleration "in car navigation 
systems. 

2. Description of the Related Art 

Fig. 4 b a perspective view Mostraiing one example 
of a conventional vibrator. Fig. 5 is a side view illustrat- 
ing a side of the vibrator. The vibrator 1 includes, tor 
example, a rectangular, plate-shaped vibrating member 
2. A supporting member 3 is formed at one end of the 
vibrating member 2 along the longitudinal direct' on. The 
supporting member 3 fa connected to the end of the 
vibrating member 2 and a node portion along the longi- 
tudinal direction by thin connecting portions 3a. The 
supporting member 3 is mounted on a base or the liKe 
by using a technique sue* as soldering. In tts arrange- 
ment the base and the vibrating member 2 need to be 
disposed over a distance so that the base cannot hinder ■ 
vibrations trom the vibrating member 2. Accordingly, the 
Supporting member 3 is formed to ba tent 

Also, a weight 4 is mounted on the other end of the 
vibrating member a The weight 4 is connected to the 
other end ot the vibrating m^rrbet 2 and the node por- 
tion along the longitudinal direction by uw other con- 
necting portions 5. The vibrating member 2. the 
supporting member 3. the connecting portions 3a. the 
other connecting portions 5 and so forth are formed so 
as to be incorporated by punching a constant elastic 
metallic material such as slinver in a predetermined 
shape and by bending the punch** material. 

Piezoelectric devices 6a/ 6b arid piezoelectric 
devices $c. sd are formed on Doth surfaces of the vibrat- 
ing member 2 along the longitudinal direction. The pie- 
zoelectric devices 5a and 5b are oppositely formed on 
the vibrating member z in thB central longitudinal cfirec- 
tion to the end, while the piezoelectric devices 8c and 
6d are oppositely formed on the vibrating member 2 
along ;he central longitudinal direction with respect to 
trie other and. The piezoelectric devices 6a. 6b end the 
piezoelectric devices 6c. 6d Include piezoelectric layers, 
respectively, and eiecaodes are formed on both sur- 
faces of each piezoaieciric layer. Either of the elec- 
trodes is bonded to the vibrating member 2, The 
piezoelectric devices 6a, Sb and The piezoelectric 
devices 6c. 6d are oppositely polarized. For example, 
when the piezoelectric layers of the piezoelectric 
devices 6a and 6b are polarized from the exterior to the 
vibrating member 2. the piezoelectric devices 6c and Sd 
are polarized from me vibrating manner 2 to the exte- 
rior. 

The vibrator 1 is used as. for example, an accelera- 



tion sensor. In this case ;he piezoelectric devices 6a, 5b 
and the piezoelectric devices Gc, 6d are supplied wttfi a 
driving signal in phase and at the same level. Since the 
piezoelectric devices 6a. 5b and the piezoelectric 
5 devices 5c, 3d are oppositely polarized, both pairs are 
oppositely vibrated by being supplied with the same 
driving signal. Consequently, the vibrating member 2 
has longitudinal vibrations in mutually opposite direc- 
tions., putting a boundary at its center. In other words, as 
io shown by solid line arrows in Fig. 5, when a portion of 
the vibrating menfcer 2 on which the piezoelectric 
devices 6a and 6b are formed lengthens, a portion of 
the vibrating member 2 on which fre piezoelectric 
devices 6c and 6d are formed shortens. In reverse, as 
ts shown by dashed line arrows, when the particn of the 
vibrating member 2 on which the piezoelectric devices 
6a and 6b are formed shortens, the portion of the vibrat- 
ing member 2 on which the piezoelectric devices 6c and 
6d are formed lengthens. Accordingly; when observed 
» from both ends Of the vibrating member 2, a portion of 
the vibrating member 2, having approximately 1/4 of the 
overall length, becomes a node. In addition, the vibrat- 
ing member 2 has longitudinal vibrations In mutually 
opposite Erections on both sides of the central portion, 
zs thus- also when the vibrating member 2 longitudinally 
vibrates, rte ovcratl length does not change. 

When acceleration is perpendicularly applied onto 
the vibrating member 2 fn the longitudinal vibration 
mode, the vibrating member 2 warps. Then, the weight 
so 4 increases warping of the vibrating member 2. The 
warp of th e vibrating member 2 causes the piezoelectric 
devices 6a. 6b, 6c and 6d to output signals in accord- 
ance with the warp. Consequently, by measuring the 
output signals from tha piezoelectric devices 6a, Sb, 3c 
as and 6d. the acceleration can be detected. 

The aboveHjescribed vibrator has the connection 
portions formed at one end of the vibrating member and 
In the vicinity of the node portion, which decreases 
vibrations leaking from the vibrating member. However, 
<o in order to increase warping caused by acceleration, the 
vibrating member is preferably thin, but a process such 
as bending causes deformation of the vibrating mem- 
ber. In addition, when the supporting member is sol* 
dered to the base, the heat aflects the piezoelectric 
4£ devices and their bonded portions, so tha* an ideal con- 
dition cannot be maintained. As a result, vibrations from 
the vibrating member leak !0 th* base. When leaking 
vi bra-ions are conducted back to the vibrating mamber . 
through the supporting member, vibrations trom the 
vibrating member are affected to cause an increase in 
tamperazure drift 

SUMMAHY OF THE INVENTION * » 



Accordingly, It is an Object Of the present jiventron 
to -provide a vibrator in which temperature drift is 
reduced. 

.To this end, according to the present invention, the 
foregoing object is achieved through the provision of a 
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vibrator including a plate-shaped vibrating member and 
a holding member tor holding the vibrating member, the' 
holding member having a hardness lower than the hard- 
ness of the vtorarjng member. 

?referaoly, ;he holding member comprises a vfcra- 
tion -absorbing material. 

The vibrator may -further Include piezoelectric 
devices formed on both surfaces of the vibrating mem- 
ber. 

8y redudng the hardness of the holding member 
lower than tfiat of :he vtorating member, leaking vibra- 
tions from (he vibrating member are absorbed by the 
holding member, tn particular, by forming the holding 
member with a vibration-absorbing material, the 
absorbing effect can be increased, in addition, by form- 
ing the piezoelectric devices on both surfaces of the 
vibrating member and by supplying the devices with a 
driving signal, the vibrating member can ba vibrated. 

Also, by separateJy forming the vfcrating member 
and the hotting member, a process such as bending 
Can be omitted, which can prevent deformation in such 
a process. When the vibrator Is assembled, the vibrating 
member can be mounted on the holding member after 
the holding member is sobered to che base. Accord* 
ingly. heat generated by soldering the holding member 
to the base is not conducted to the vibrating member, so 
the piezoelectric devices and the bonded portions are 
not affected by the heat 

According to the present invention, vforations from 
the vibrating member are "absorbed by the holding 
member, thus, ft is possible to prevent the vibration from 
leaJcng to the base on which the holding member is 
mounted. Consequently, leaking vibrabons can be pre- 
vented from being conducted back to the vibrating 
member, and vibrations from the vibrating member can 
be maintained in norma) corwfitions. tn add&ion, the 
vibrating member is no; affected by the heat generated 
when the holding member is mounted on the base; and 
deformation Q f (h a vibrating member when it Is proc- 
essed can be reduced. Accordingly, leaking vibrations 
themselves from the vibrating member can be reduced. 
Based on thase characteristics, when the wfcvator js 
used as an acceleration sensor or the like, temperature 
drift can be reduced, and other characteristics can be 
stabilized. Reducing de-0'mation of the vibrating mem- 
ber when if is processed increases a degree of freedom 
concerning th2 shape and material of the vibrating 
member, which can realize a reduction in the size of the 
vibratcr, the improvement of worigng efficiency, and so 
forth. 

The foragoirig object other objects, features and 
advantages of the present invention will be apparent 
from detailed description in the following embodiment 
by referring to the attached drawings. 

BRIEF DESCRIPTION Of THE DRAWINGS 

Fig. i is a perspective vlew.fflustratir.g a vfcrator 
according to an emtxxflment of the presant invention. 



fig. 2 is a side view iausUating the vibrator shown ;n 
Fig. 1. 

Fig. 3 Is an eroded, perspective view illustrating 
the vhrator shown in Rg. 1 . 
s" Fig. 4 is a perspective view illustrating an exampie 
■ of a conventional vibrator. 

Fg. S l£ a side view illustrating tha conventional 
vibrator shown h Fig. 4. 

w. DESCRIPTION OF THE PREFERRED EMBODIMENT 

Fig, 1 Is a perspective view ajustrating a vrbrator 
according to an embodmant of the present invention. 
Rg. 2 is a side view ol the vibrator. Rg. 3 i$ arr exploded 
»=" perspective view <rt the vibrator. The vibrator 10 
includes, far example, a rectangular, plate-shaped 
vibrating member 12. At one end of the vibrating mem- 
ber 12 along the longitudinal direction, supporting por- 
tions 14 are formed on both sides of the vibrating 
20 member 12 along tie axial direction. Tha supporting 
portions 14 ars connected to the vibrating member 12 
by thin connecting portions 16. The connecting portions 
15 are formed at one end of *ie vibrating member 12 
and at a portion of the vbrating member 12. positioned 
25 approximately 1/4 of the overall length of the vibrating 
member 12 from one end. The vibrating member 12. the 
Supporting portions 14 and tne connecting portions 1C 
are formed on the same plane. Holes 1fl are farmed on 
the supporting portions 14. 
99 Also, a weight 20 is mounted oh the other end cf the 
vibrating member 12 along the longitudinal direction. 
" The weight 2D is connected to the vibrating member 12 
by other connecting portions 22. The connecting por- 
tions 22 are formed at the other end of the vibrating 
35 member 12 and at a portion cf the vibrating member 12, 
positioned approximately 1/4 of the overall length of the 
vibrating member 12 from the other end. The vibrating 
member 12 and tha connecting portions 22 are formed 
on ihs &ame plane. The weight 20 ia mounted 00 tha 
40 vibrating member 1 2 by the connecting portions 22. The 
vibrating member 12, the supporting portions 14 and 
tha connecting portions 16 and 22 are formed so a& to 
be incorporated with, for example, a permanent elastic 
materia] Such as iron -nickel alloy or eitnver. 
45 A plurality ol piezoelectric devices 24a. 24b, 24c 
and 24d are formed on both surfaces of the vibrating 
member 12. The piezoelectric devices 2<ta a/id 24b are 
appositely termed on the vibrating member 12 with 
respect to one end along the central longitudinal dirac- 
$0 tion. The piezoelectric devices 24c and 24d are appo- 
sitely formed on the vibrating member 1 2 with respect to 
the other end along the central longituclnal direction. 

The piezoelectric device 24a includes a piezoelec- 
tric layer 26a. Electrodes 28a and 30a are formed on 
ss both surfaces of piezoelectric layer 26a. One elec- 
trode 30a is bonded to the vibrating member 12. Simi- 
larly the piezoelectric devices 24b. 2*c and 24d include 
piezoelectric' layers 26b. 26c and 26a, respectively. 
Electrodes 28b. 30b. eJecrodes 28c. 30c and else- 
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trades 280, 30d are tamed on both surfaces of the pie- 
zoelectric layers 25b. 26c and 23d Tna electrodes 30b. 
30c and 30d on one surface ara bonded to the vibrating 
member J 2. 

In the vibrator i o. the piezo electric layers 2Sa, 2 So s 
o: the piezoelectric device e 24a. 24b and the ptszceJ&c- 
tric layers 26 c 26d of the piezoelectric devices 24c, 24d 
ars oppositely potarized mutuafly. For example, when 
the piezoelectric layers 26a, 26b are polarized from the 
extsro to the vfcrating member 12. the piezoelectric w 
layers 26c, 26d are polarized from the vibrating member 
12 to the exterior. 

The vtorating member 12 Is held by a hokfi ng mem- • 
bar 32, The holding member 32 is comprised of, tor 
example, a vtoration-ehsoroing material such as Cr/Fa. rs 
The holding member 32 is termed having a U-shaped 
cross section wilh corners, and with a concave portion 
34 at a central portion of the holding member 32. Pro- 
jections 36 are formed at the positions corresponding to 
the holes 13 termed on the supporting portions 14. The so 
vibrating member 1 2 is mounted on the holding member 
32. 

When the vibrator 10 :s assembled, the holding 
member 32 Is mounted to the bass by, for example, sol- 
dering. The vibrating member 12 is disposed on the 
holding member 32. and the Supporting portions 1 4 and 
the holding member 32 are connected. Then the projec- 
tions 36 on the hokfing member 32 are inserted into the 
hefes 18 of the supporting portions 14. The vibrating 
member 12 and the connecting portions 16. are dis- 
posed above the concave portion 34 of -the holding 
member 32. This arrangement is to avoid hlrdering 
Vibrations of the vibrating member 12. In order to unite 
tha supporting portions 14 and the holding member 32, 
a method which enables instant connection, such as 
wskfing or connection by laser. Is used. 

The vibrator 10 is used as. for example, an acceler- 
ation sensor, in this case the piezoelectric devices 24a. 
24b, 24c and 24d are supplied with driving signals hav- 
ing the same phases and the same levels. Since the 
piezoelectric layers 26a; 26b of the plezoelsctric 
devices 24a, 24b and the pfezoelaCtric layers 26c. 26d 
of the piezoelectric devices 24c, 24d are oppositely 
polarized, the piezoelectric devices 24a, 24b and tha 
piezoelectric devices 24c, 24d oppositely vibrate. The 
piezcei metric devices 24a. 26b ara oppositely formed on 
the vibretfng member 12, thus, when thay vibrate under 
the same conditions, a portion erf the vibrating member 
12 longitudinally vibrates. Similarly, also the portion In 
which the piezoelectric devices- 24c, 24d are formed Ion- 50 
QrtudtnaKy vibrates. 

Since. the piezoelectric devices 24a, 24b and the 
piezoelectric devices 24c. 24d oppositely vibrate, the 
vibrating member 12 has -mutual opposite, longitudinal 
vibrations on both sides along the central longitudinal 55 
direction. In Other wards, as shown, by solid line arrows 
In Fig. 2, when cne pcrlion of the vibrating member 12 
in tha center lengthens, another portion shortens. In 
reverse, «s shown by dashed line arrows in Fig. 2, when 



one portion of the vibrating member 12 in the center 
shortens, another portion lengthens. Consequently, 
when observed from both ends of the vibrating member 
12. a portion approximateV 1/4 of the overall tangth of 
the vibrating member 12 becomes a node. In addition, 
tha vibraung member 2 has tongitudinai vibrations in 
opposite ^Erections on bath sides of the centra) portion, 
thus, also when the vibrating member 2 longitudinally 
vibrates, the o vara 1 1 length does not change. 

In this condition, when acceleration is perpendicu- 
larly appSed onto the vibrating member 12. the vibrating 
member 1 2 vvargs. Then, the weight 20 Increases warp- 
ing of the vT&raSg member 12. The warp of the vibrat- 
ing member 12 causes warping of tha piezoelectric 
devices 24a to 244 and in accordance with the warp, 
the piezoelectric devices 24a to 24d output signals. 
Consequently, by measuring the output signals from the 
piezoelectric devices 24a to 24d, the acceleration can 
be detected. 

For measurement tor example, the difference 
between output signals from the piezoelectric devices 
24c. 24d can be measured. Warping ol the vibrating 
member 12 by acceleration causes the opposite piezo- 
electric devices 24c, 24d to warp in the reverse direc- 
& ton. thus, signals output! ed from the piezoelectric 
devices are inverted. Consequent* by measuring the 
difference between output signals from the piezoelectrio 
devices 24c 24d. a large output with respect to th9 
' acceleration is obtained to provide a highly sensitive 
so acceleration sensor. Concerning types of signals to be 
measured, for example, vollage difference can be 
measured. Otherwisa, frequency difference or phase 
difference between the output signals may be meas- 
ured, or the impedance difference of the impedances ol 
tne piezoelectric devices 24c. 24d may be measured. Of 
course, the difference between the output signals from 
the piezoelectric devices 24a, 24b may be measured, or 
acceleration may be measured from changes in the out- 
put signals from each piezoelectric device. In such a 
manner, by forming the vibrating member 12 to longitu- 
dinally vibrate, a dead zone close to zero acceleration 
can be eliminated to enable detection of minute acceler- 
ations. 

According to the vibrator 10, the connecting por- 
tions 16, 22 are formed at the ends of the vibrating 
member 12 and in proximity to the node, and this 
arrangemenx reducss vibration leakage from the vibrat- 
ing member 12. In addition, the holding member 32 is 
comprised of the vibration-absorbing material, thus, 
leaking vibrations from the vibrating member 12 are 
absorbed by the holding member 32, so the vibrations 
do not leak to the base. Accordingly, the vibrations leak- 
ing to the base are not conducted back to (he vfcratfng 
member 1 2. which can maintain normal vibration of the 
vibrating member 1 2. 

In addition, the vibrating member 12 and the hold- 
ing member 32 ars separately formed.' thus, the vibrat- 
ing member 1 2 can be mounted on the holding member 
32 after the holding member 32 Is mourned on the base. 
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Consequently; when the holding member 32 is soldered 
to the base, the heat does net affect Che piezoelectric 
devices 24a to 24d. Concerning a method !or connect-* 
ing the holding member 32 and the vibrating member 
12. by inserting the projections 3S ol *e holding mem- s 
ber 32 into the holes 13 of the connecting portions 16 
and instantly bonding them by welding or a laser, ft is 
possible to prevent the heat from affecting the bonded 
portions of the piezoelectric devices 24a to 24d and the 
vibrating member 12. ro 

Also, the separate formation ot the vibrating mem* 
ber 1 2 and the holding number 32 elminates a process 
which bends the vibrating member 12. and can reduce 
deformalion of the vforating member 12 during process- 
ing. Accordingly, compared to the conventional vibrator, n 
leaking vbrations themselves from the vibrating mem- 
ber 12 can be reduced. Based on the features men- 
tioned, according to tha vibrator. id used- as an 
acceleration sensor, temperature drift can be reduced, 
and characteristics can be stabilized, h addition, less « 
dislOfttonal influence in processing the vibrating mem- 
ber 12 increases a degree of freedom in selecting the 
shape and material ol the vibrating member 12. which 
• can reduce the size of the vibrator and improve worWng 
efficiency. & 

Concerning the material tor the holding member 32, 
by using a material which has a different hardness or 
Young s modulus compared with the vbrating member 
12. such as soft iron, copper alloy and so forth, a vfc ra- 
tion- absorbing effect can be obtained and temperature so 
drift can be reduced. 

Claims 

1. A vibrator (10) inducing a plata-shaped vibrating « 
member ( 1 2) and a holding member (32) tor ho/ding 
said vibrating member (12), 

said holding member (32) having a hardness 
lower than the hardness of said vibrating member ' 
(12). 40 

2. A vibrator (10) according to Claim i. wherein said 
holding member (32) comprises a vibration-absorb- 
ing materlaJ to absorb leaking vibrations from said 
vibrating member (1 2). <5 

3. . A vibrator ( 1 0) according to Claim 1 or 2, said vibra- 
tor (10) further including piezoelectric devices (24a, 
24b. 2*c 24d) formed on both surfaces of said 
vibrating member (10). so 
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